Objective: To prospectively evaluate the feasibility, safety, and survival of laparoscopic surgical staging in patients with locally advanced cervical cancer. Methods: From Oct 2001 to Jul 2006, a total of 83 consecutive patients were eligible for inclusion and underwent laparoscopic surgical staging. Results: Three patients with intraoperative great vessel injury and 1 patient in whom the colpotomizer was unable to be inserted were excluded. Laparoscopic surgical staging was feasible in 95.2% (79/83). Immediate postoperative complications were noted in 12 (15.2%) patients. Prolonged complications directly related to operative procedures numbered 2 (2.5%), and were trocar site metastases. The mean time from surgery to the start of radiotherapy (RT) or concurrent chemoradiotherapy (CCRT) was 11 (5-35) days. All patients tolerated the treatment well and completed scheduled RT or CCRT without disruption of treatment and additional admission. The rate of modification of the radiation field after surgical staging was 8.9% (7/79). Five-year progression-free survival and overall survival (OS) rates were 79% and 89%, respectively. The OS of patients with microscopic lymph node metastases, which were fully resected, were comparable to those of patients without lymph node metastasis. However, the OS of patients with macroscopic lymph node metastases that were fully resected were poorer compared with those of patients without lymph node metastasis. Conclusion: Pretreatment laparoscopic surgical staging is a feasible and safe treatment modality. However the survival benefit of debulking lymph nodes or full lymph node dissection is not clear.
INTRODUCTION
The current staging system for cervical cancer is based on the International Federation of Gynecology and Obstetrics (FIGO) clinical staging system comprising of pelvic examination, cystoscopy, sigmoidoscopy, chest X-ray and IVP. Lymphatic and lymph node (LN) metastases are the most important metastatic pathways. LN status by surgical procedures was included in ovarian cancer and endometrial cancer. 1, 2 However, the clinical FIGO stage does not consider LN status. 3 In clinical practice, treatment modalities and field have been influenced by imaging studies such as CT, MRI or PET in the management of cervical cancer. 4 We reported previously the limitations of pretreatment imaging studies in predicting LN metastases, and showed that the sensitivity of pretreatment MRI and PET/CT was 30.3% and 57.6%, respectfully, compared to pathological diagnosis of LN. 5 Radiotherapy planned on imaging studies may reveal two problems in patients with locally advanced cervical cancer.
One is missing metastatic LN as a false negative result of the imaging studies, and the other is overtreatment as a false positive result of the imaging studies. Therefore, pathological confirmation by surgical staging is essential. 6, 7 Another possible benefit of surgical LN dissection is curative resection of bulky metastatic LN to improve therapeutic effect of radiotherapy. [7] [8] [9] Transperitoneal and extraperitoneal abdominal approaches [10] [11] [12] After Laparoscopic LN staging was introduced in 1990, the feasibility, low morbidity and no delay of radiotherapy for such a procedure have been reported. [13] [14] [15] [16] [17] Laparoscopic LN staging was expected to maximize effect of radiotherapy by modifying radiotherapy field and by resection of bulky metastatic LN. 18 This study was conducted to investigate the feasibility, morbidity and treatment modification by pretreatment laparoscopic surgical staging in patients with locally advanced cervical cancer.
MATERIALS AND METHODS
This prospective clinical trial was performed to investigate the feasibility, morbidity and treatment modification in patients with locally advanced cervical cancer, from October 2001-July 2006. This study was approved by the institutional review board of National Cancer Center (#NCCCTS-02-025). The inclusion criteria were as follows: untreated, histologically confirmed FIGO stage IB2-IVA (for stage IIA, maximal diameter of tumor was larger than 4 cm); age 20-75 years; no contraindications to surgical procedure; no evidence of distant metastases; an Eastern Cooperative Oncology Group performance status of 0 or 1; and provision of informed consent to participate in this procedure after the nature of the procedure had been fully explained. MRI and PET or PET/CT were performed preoperatively.
All patients underwent bowel preparation 2 day before surgery. Prophylactic antibiotics were given. All procedures were performed by gynecologic oncologic faculties, gynecologic oncologic fellows and residents. Peumoperitoneum was produced through a Veress needle, which was inserted below the umbilicus. A camera was inserted into the 11 mm sized umbilical port, and then full exploration of abdominal cavity was performed. Two 5 mm sized ports at both lower quadrants were inserted and another 5 mm sized port was inserted into the suprapubic area. Another 11 mm sized trocar was inserted into the left upper quadrant to manipulate the small intestine. Small endo-bags were used to prevent port site metastases. The port sites were irrigated with diluted potadine solution after experiencing port site metastases after laparoscopic surgical staging Apr. 2005. Operators dissected the LN to the contrary part of patients after identifying ureters. All para-aortic LNs were tried to dissected up to the inferior border of renal vein. The upper border of LN dissection was marked with endo-clips. Presacral LN was tried to dissected with preserving the hypogastric nerve. LNs were dissected systemically irrespective of LN enlargement. The peritoneum was left opened. JP drains were inserted into the pelvis to drain and monitor postoperative bleeding. Ports were removed after complete drainage of CO2 gas to avoid the chimney effect.
All patients were treated with 40-44 Gy external radiotherapy followed by intracavitary radiotherapy, high-doserate technique using iridium-192 source. Para-aortic LN area was irradiated only when pathologic LN metastases were confirmed. Patients received whole-pelvic irradiation. During external radiotherapy, all patients received chemotherapy: Cisplatin 40 mg/m 2 , weekly, 4-6 cycles. Statistical analysis was performed using SPSS software (Version 11.0, SPSS, Chicago, IL).
RESULTS
Eighty-four patients with locally advanced cervical cancer were candidates for laparoscopic LN staging. Three patients and 1 patient were excluded from this analysis because of vascular injury and inability to insert a colpotomizer, respectively. Full laparoscopic LN dissection was possible in 79 patients (95.2%). The characteristics of the patients who underwent laparoscopic LN dissection is described in Table 1 stasis with pelvic LN metastases. Para-aortic LN in one of two patients suggestive of metastases by preoperative image was pathologically proven metastasis. Six (7.8%) of 77 patients suggestive of no metastases by preoperative image had LN metastases in the para-aortic LN by pathologic diagnosis. The mean size of metastatic tumor in LNs was 15 mm (0.3-45 mm). Postoperative complications were noticed in 12 (15.2%) patients: silent lymphocele in 3 (3.8%), infected lymphocele in 1 (1.3%), lymphedema in 2 (2.5%), port site bleeding in 1 (1.3%), febrile morbidity in 1 (1.3%), ileus in 3 (3.8%), and wound infection in 1 (1.3%). Complications requiring surgical procedures and intensive care unit (ICU) care were did not develop until after 30 days except for one of three patients with ileus requiring laparoscopic adhesion lysis. One (1.3%) patient with decreased renal function received radiotherapy only and 78 (98.7%) patients received concurrent chemotheradiotherapy (Table 3 ). Seven patients who had para-aortic LN metastases received extended-field radiotherapy. The median time from laparoscopic surgical staging to start of radiotherapy was 11 (5-35) days. Laparoscopic ovarian transposition was performed in 17 (21.5%) patients. Serum follicule-stimulating hormone (FSH) was checked in 13 (76.5%) patients, and 10 of 13 (76.9%) patients revealed FSH level of less than 40 mIU/ml. No metastases were observed in the transposed ovaries. Major complications related to radiotherapy were mild abdominal pain and diarrhea. However, neither interruption nor delay of radiotherapy was observed in all patients. Post-radiotherapy complications were observed in 62 (78.5%) cases: simple lymphocele in 16 (20.2%), infected lymphocele in 7 (8.9%), lymphedema in 22 (27.8%), dermatolymphangitis in 6 (7.6%), post-radiotherapy rectal bleeding in 5 (6.3%), post-radiotherapy hemorrhagic cystitis in 2 (2.5%), deep vein thrombosis in 2 (2.5%), and port site metastases in 2 (2.5%). Median follow up period was 32 (8-60) months. Recurrence was noticed in 16 cases, and 6 patients died of disease. The 5-year progression free survival (PFS) and 5-year overall survival (OS) rates were 79% and 89%, respectively ( Fig. 1, 2) . When survival was compared by LN status, improved survival was noticed in patients with no LN metastases or microscopic LN metastases, compared to gross LN metastases (p=0.0332) (Fig. 3) . Survival difference was not noticed in between patients with microscopic LN metastases and gross LN metastases (p=0.1710). 
DISCUSSION
LN status is not considered in the FIGO staging system of cervical cancer. On the other hand, pathological diagnosis of LNs was one of factors to constitute the FIGO surgical staging system for endometrial cancer and ovarian cancer. However, LN metastases are also significant in cervical cancer as in endometrial cancer or ovarian cancer. In cervical cancer, LN metastases spread sequentially from the pelvic LN to para-aortic LN. Pelvic and para-aortic LN metastases were noticed 16.4% and 2.3% in Ib, 24.5% and 3.2% in IIb, and 26.7% and 6.7% in IIb cervical cancer. 19 LN status is reported to be one of the most important factors for recurrence and survival in cervical cancer. 20, 21 MRI is limited in differentiating metastatic lymphadenopathy from reactive LN hyperplasia. 22 Although PET has revealed 85.7% sensitivity, 94.4% specificity, 92% accuracy in locally advanced cervical cancer, 23 sensitivity is limited to 10% (1/10) in cases without LN enlargement on the MRI. 24 Therefore, laparoscopic surgical staging may be a valid substitute to overcome such inaccuracies. Treatment plans for concurrent chemoradiotherapy are determined not by surgical LN staging but such inaccurate imaging modalities. Surgical staging offers accurate information for radiotherapy based on pathological diagnosis. If para-aortic LN metastases are confirmed, extended-field radiotherapy may be offered to the area. If LN metastases were excluded by surgical staging, complications related to radiotherapy at para-aortic area may be avoided. Fagotti et al. analyzed 5 clinical studies for laparoscopic surgical staging and reported 11-25% para-aortic LN metastases in patients with FIGO stage IB-IV cervical cancer. 16 In the present study, 1 of 2 patients with LN enlargement in the pretreatment imaging studies revealed pathological LN metastases, and 6 of 77 patients with no evidence of LN enlargement in the pretreatment image studies revealed pathological LN metastases. Therefore, treatment was modified in 7 of 79 (8.9%) patients with cervical cancer in the present study. The important issues for surgical staging may be post-operative morbidity and delay or interruption of radiotherapy. Introducing laparoscopic surgery to surgical staging minimizes postoperative morbidity and duration of hospitalization. 25 After Childers et al. reported the feasibility of laparoscopic surgical staging with acceptable morbidity and no delay of radiotherapy, 25 several investigators further performed laparoscopic surgical staging. [15] [16] [17] Laparoscopic surgical staging minimized intra-abdominal adhesions and decreases bowel morbidity. Smaller incisions in laparoscopy compared to laparotomy enabled short-term recovery and minimized immune suppression. 26 In the present study, the median duration from laparoscopic surgical staging to radiotherapy was 11 days, interruption and delay of radiotherapy were not identified. Postoperative bowel adhesion after surgical staging has been considered to be a cause of bowel complications. Table 2 reveals 12 (15.2%) complications including 3 (3.8%) cases of ileus. Two cases were managed by medical treatment, and one case required laparoscopic adhesion lysis. Table 3 reveals the complications that developed during follow up period after radiotherapy. Complications directly related to surgical staging were port site metastases in 2 (2.5%) cases. After previously experiencing port site metastases, all port sites, especially those used for LN harvesting, were irrigated with diluted potadine solution. 27 Other measures conducted to minimize port site metastases were a vertical insertion of port to abdominal wall, minimizing port movement and avoid chimney effect. Other issues to be discussed are the number of LN harvested and time of operative procedure. In the present study, surgically removed LN of 38 (14-98) per patient were comparable to the results of laparotomy or laparoscopic surgical staging by several investigators. 13, 16, 17, 28, 29 Median time for operative procedures was 230 (145-490) minutes, and this decreased after gradual accumulation surgical experience. 17 To cure 90% of the 2 cm sized cervical cancer, 6,000 cGy radiotherapy was required. 30 Therefore, metastatic LN of more than 2 cm are difficult to treat with radiotherapy only, and surgical resection of huge metastatic LN may enhance the radiotherapy effect. The benefits of surgical resection of metastatic LN in patients with locally advanced cervical cancer have been previously described. 6, 7, 31, 32 In the present study, survival was significantly decreased in patients with gross LN metastases, compared to microscopic or no LN metastases (Fig. 3) . Caution is required to interpret such results, because several different surgical methods may result in diverse results: transperitoneal or retroperitoneal and systemic LN dissection or selective LN dissection. Another benefit of laparoscopic surgical staging is preservation of ovarian function by ovarian transposition. Morice et al. 33 reported that ovarian transposition may be performed in selected patients with no extrauterine disease, no uterine corpus disease, no lymphovascular invasion, under the age of 40 years, and small cervical lesion of less than 3 cm.
In the present study, we performed ovarian transposition in 17 young patients who were without extrauterine disease. Preoperative counseling regarding the benefits, such as prevention or delay of menopause, and the risks, such as metastasis or recurrence of ovarian transposition is essential. In the present study, ovarian transpositions was performed in 17 patients. Ovarian function was preserved in 10 of 13 (76.9%) patients, whose serum FSH were checked. No recurrence was identified. Survival gain through treatment modification by surgical staging was uncertain. 16, [34] [35] [36] Only one prospective randomized clinical trial performed by Lai et al. reported 25% pathological LN metastases, and only resulted in decrease of PFS. 28 However, this study has two weak points, such as treatment delay of 3 weeks and shortage of number of harvested LN. Further large randomized prospective clinical trials to reveal possible survival benefits, and especially to identify a subgroup who would benefit from laparoscopic surgical staging will be required. Laparoscopic surgical staging must be limited to clinical trial until there is clear evidence of survival gain.
In conclusion, laparoscopic surgical staging in locally advanced cervical cancer is feasible and safe with acceptable morbidity. But, survival gain with such procedures was not confirmed. So, large prospective randomized clinical trials will be needed to confirm any survival effects.
